Southeast Asia based on nuclear sequence data.
INTRODUCTION
or evolved in situ (Heads, 2006) . A detailed biogeographic study of this Australasian-Pacific group will be addressed elsewhere.
Useful morphological characters. -Morphology has repeatedly been demonstrated to be homoplastic in
Sapotaceae. Examples of traditionally used characters believed useful but shown to be homoplastic include the number of petals, the number of stamens opposite each corolla lobe, and the ratio between the length of the corolla tube and the corolla lobes (Swenson & al., 2007a (Swenson & al., , 2008a (Swenson & al., , 2008b . Presence of staminodes in Sapotaceae is a plesiomorphic feature, which has been reduced several times in Chrysophylloideae (Swenson & Anderberg, 2005; Swenson & al., 2008b) and Sapotoideae (Smedmark & al., 2006) , but can be diagnostic for less inclusive groups. Staminodes are present in most Chrysophylloideae in the studied group, but have been reduced once, in the clade Niemeyera -Pycnandra. Hence, absence of staminodes is diagnostic for this clade. Another useful character to distinguish between genera is where the flowers are born. All genera, except Magodendron and Pycnandra, generally have axillary flowers, whereas the former is cauliflorous and the latter is usually ramiflorous. Apart from morphology, geographic distribution is a very strong indicator of clade affinity, except in the widespread genera Beccariella, Planchonella, and Sersalisia. In the discussion below of the eight morphological characters used here, taxon names are ordered as they appear in Fig. 3 (not alphabetically).
Areolate venation is present in all species of Beccariella, Sersalisia, Pichonia, and Magodendron, including all species of Planchonella and Pouteria that are recovered in these clades (Fig. 3A) . In contrast, members of Van-royena, Niemeyera, Pycnandra and Planchonella always lack areolate venation, and instead have visible tertiary leaf venation, in agreement with the findings of Triono & al. (2007) .
The sepals of most Chrysophylloideae taxa are pubescent on the outer surface, except when the indument is secondarily lost, but presence or absence of indument on the inner surface seems to contain strong phylogenetic information (Fig. 3B) . In Beccariella and Van-royena, trichomes are always present on the sepals' inner surface, often covering the entire area and forming a tomentose or even woolly indument. Sepal indument is homoplastic in Sersalisia and Pichonia, and the sepals of P. balansana, P. deplanchei (Baill.) Swenson & Munzinger, and P. lecomtei (Guillaumin) T.D. Penn. are glabrous inside. However, if an indument is present on the inner surface, the trichomes are usually concentrated in the upper part of the sepals (Swenson & Munzinger, 2012) . Sepals of all other genera are glabrous inside, except in some species scattered in the Planchonella phylogeny (P. australis (R. Br.) Pierre, P. chartacea, and P. cyclopensis P. Royen) , in which the density of indument varies, often even between sepals in the same flower.
Classification of floral types is partly subjective and sometimes difficult according to the definition above.
Nevertheless, the corolla can be termed narrowly campanulate in Beccariella, Van-royena , and some Sersalisia (Fig. 3C) . A cup-shaped corolla with spreading lobes is characteristic for Pichonia, Magodendron, Niemeyera, and Pycnandra, and in the two latter the corolla lobes are frequently revolute (Fig. 1A, D) . The type of corolla in Stamens are inserted opposite the corolla lobes in Sapotaceae, and it has been controversial whether the insertion point within the corolla tube carries any phylogenetic information. Both Aubréville (1967) and van Royen (1957) used the character, as opposed to Pennington (1991) who could not find significant correlation between the insertion point of stamens and other characters, perhaps because his circumscription of Pouteria was an unnatural amalgamation of different lineages, which obscured character correlations. However, the phylogenetic study by Swenson & al. (2007a) found strong correlation between stamen insertion and monophyletic groups. Our analysis agrees with these previous findings, but, again, there are exceptions (Fig.   3D ). All species of Beccariella (and Van-royena) have stamens inserted either in the middle or near the base of the tube. Swenson & al. (2007a) reported that the species from Australia have stamens inserted near the base whereas those from New Caledonia have the stamens inserted in the middle of the corolla tube. In fact, this statement needs amendment, since there are species of Beccariella in Australia, New Caledonia, and New Guinea that have stamens inserted either near the base or in the middle of the corolla tube. However, it is still valid that no species of Beccariella have stamens inserted in or just below the tube orifice, character states that are restricted to the other genera under study. Stamen insertion in Van-royena has been reported as basal (Herrmann-Erlee & Lam, 1957; Aubréville, 1963; Swenson & al., 2007a) , but the point of insertion is at or just above the middle of the corolla tube, while the filament is attached to the tube and run down to the base. In Sersalisia and Pycnandra the character varies, and exceptions in Pycnandra are P. atrofusca Swenson & Munzinger, P. benthamii, P. carinocostata Vink, P. fastuosa (Baill.) Vink and P. kaalaensis Aubrév., species that represent three subgenera and have stamens inserted just below the tube orifice. Leptostylis filipes, which will be transferred to Pycnandra, has tubular flowers and stamens inserted in the middle of the corolla tube. Styles with several stigmatic areas at the apex, easy to identify with a hand lens, was suggested as an important character to differentiate Beccariella, Van-royena, Sersalisia, Magodendron, and Planchonella from the simple style without such clearly visible stigmatic areas in Pichonia, Niemeyera, and Pycnandra (Swenson & al., 2007a) . We found no deviation from this pattern in the sampled species and suggest that this character does contain strong phylogenetic signal, useful in character combination for circumscribing groups, as well as in the field (Fig. 3E ).
The distribution of foliaceous or plano-convex cotyledons, absence or presence of an exserted radicle, and absence or presence of an endosperm, are clearly correlated among members of the study group, and are reported in a single figure (Fig. 3F ). Three combinations of the characters are known: (i) seeds of Beccariella and Planchonella have foliaceous cotyledons, an exserted radicle and an endosperm, (ii) Magodendron has planoconvex cotyledons, an exserted radicle and non-endospermous seeds, and (iii) all other genera have seeds with plano-convex cotyledons, an included radicle and no endosperm. The character combination for Magodendron is rare in Chrysophylloideae, only found in Chromolucuma Ducke and Pradosia Liais (Swenson & Anderberg, 2005) , and in some species of Pouteria (South America) and Synsepalum (A.DC.) Daniell (Africa) sensu Pennington (1991).
In summary, despite a high degree of morphological homoplasy in Chrysophylloideae, the characters here overlaid in the condensed phylogeny show high or full congruence with the identified groups. We believe that we have now arrived at a stage where unique character combinations can be used to identify natural groups within Chrysophylloideae present in Oceania and Southeast Asia.
Resurrection of Amorphospermum. -Niemeyera and Amorphospermum F. Muell. were originally described with one species each, N. prunifera and A. antilogum F. Muell. (Mueller, 1870) , hence, these species are the two generi-types. The genera were described as close relatives, Niemeyera being distinguished by its berry-like fruit and thin seed coat (testa) in contrast to Amorphospermum with its drupe-like fruit and thick seed coat. Both genera were later united with Chrysophyllum (Vink, 1958), but Aubréville (1964) resurrected them in his system of classification, accepting two species in each genus. By contrast, Pennington (1991) accepted Niemeyera but not Amorphospermum, and considered the seed coat differences to be merely of specific importance. In fact, Niemeyera sensu Pennington was an unnatural assemblage of Australian species (now in Niemeyera) and seven taxa from New Caledonia (now Pycnandra; Swenson & Munzinger, 2009 , 2010a , 2010c .
Niemeyera antiloga, a species confined to the rainforest of Queensland, was unsatisfactorily accommodated in Niemeyera, because phylogenetic analyses of nuclear sequences grouped it with Van-royena, in conflict with combined morphological and molecular data, which grouped it with other species of Niemeyera (Swenson & al., 2007a) . The current phylogenetic study lends strong support to N. antiloga being the sister species of Niemeyera plus Pycnandra. Our study demonstrates that the circle is now closed and we are back to the generic notion Mueller (1870) suggested over 140 years ago. Therefore, we propose that Amorphospermum is resurrected, presently as a monotypic genus. Apart from seed coat differences, Amorphospermum is readily distinguished based on leaf characters. The texture is never translucent, the upper surface is glossy green while the lower is paler with a persistent indument, and the tertiary venation is parallel (Fig. 1B) . Species of Niemeyera have leaves of similar colour on both surfaces, are usually glabrescent below, and have horizontal or oblique tertiary leaf venation (Fig. 1A) . Other floral and fruiting characters of Amorphospermum and Niemeyera share many similarities.
Resurrection of Pleioluma (Baill.) Baehni. -Beccariella is strongly supported as an independent lineage
with maximum Bayesian and jackknife support. This relationship is fully congruent with earlier findings (Bartish & al., 2005; Swenson & al., 2007a) , and Clade C of Triono & al. (2007) . The position within the Australasian Chrysophylloideae is unambiguous but its sister relationship receives only moderate jackknife support. The clade, however, is readily identified with a character combination of (i) leaves with areolate venation, (ii) sepals that are pubescent on both surfaces, (iii) presence of staminodes, (iv) stamens inserted in the middle of the corolla tube or near the base, (v) style with stigmatic areas, and (vi) seeds with foliaceous cotyledons, exserted radicle, and endosperm (Fig. 3) . The genus currently contains about 20 species and another seven species Baehni and P. wandae Vink) are here recovered in this clade and need to be transferred to it, but the name Beccariella is a later homonym and cannot be used (Swenson & Tehler, 2009; Brummitt, 2011b) .
When Pierre (1890) described Beccariella in Sapotaceae he was probably unaware of the fact that the name was already occupied for a fungal genus from Borneo. Hence, Beccariella became a later homonym and illegitimate already at publication. Subsequent classification systems like Herrmann-Erlee & Lam (1957) , van Royen (1957) , Baehni (1965) , and Pennington (1991) have not used Beccariella or identified the assemblage as a natural group. In contrast, Aubréville (1962) resurrected the genus and designated B. sebertii (included in this study) as the generic type, and since then the name has been used in New Caledonia (Aubréville, 1964 (Aubréville, , 1967 , but not in Australia or New Guinea. Swenson & Tehler (2009) addressed this nomenclatural problem and suggested conserving Beccariella Pierre (Sapotaceae) against the rarely used name Beccariella Ces.
(Podoscyphaceae), a proposal the Nomenclatural Committee for Vascular Plants was unable to agree upon (Brummitt, 2011b) . Thus, species belonging to Beccariella (or that clade) are currently left in limbo and need to be accommodated under a valid name.
Several of the proposed Sapotaceae genera (Albertisiella Pierre ex Aubrév., Bureavella Pierre, Iteiluma Baill., Peuceluma Baill., and Pyriluma Aubrév.) in Australasia are polyphyletic or embedded in Planchonella (Swenson & al., 2007a (Swenson & al., , 2007b . Some generic names are still in synonymy with Pouteria (Pennington, 1991; Govaerts & al., 2001 ) and could be used instead of Beccariella if the generic type is demonstrated to be a member of this clade. However, three generi-types are here recovered in Planchonella and cannot be used:
Beauvisagea that is united with Pouteria maclayana (Govaerts & al., 2001) , Fontbrunea represented by Pouteria malaccensis, and Blabeia represented by Planchonella endlicheri (Fig. 2) . Three generic names remain to be explored: Krausella, Pleioluma, and Wokoia Baehni. The genus Krausella was described by Lam (1932) and believed to include four to six species from New Guinea, but much of the studied material was incomplete or even sterile (Herrmann-Erlee & Lam, 1957 Pennington, 1991: 202) . After receiving permission from Kew Gardens, we removed a leaf fragment from the type collection of K. polyneura and amplified most of ITS and ETS (unsuccessful with RPB2), as well as all three markers for K. patentinervia (K. Krause) Erlee. These two species are embedded within Planchonella, sister to P. torricellensis (K. Schum.) H.J. Lam (Fig. 2) . In fact, the sequences of K. polyneura and K. patentinervia are identical. We are confident that both species are members of Planchonella and not Beccariella (or any other genus) since, in addition, the leaf venation is not areolate, the sepals are glabrous inside, staminodes are present, stamens are inserted below the tube orifice, and the styles possess stigmatic areas. Thus, Krausella is here united with Planchonella.
Pouteria rhopalocarpa P. Royen was described from New Guinea, but its status as a new genus was in doubt because of a 3-merous flower, staminodes, and a peculiar fruit (van Royen, 1959) . In any event, Baehni (1964) described Wokoia and suggested a close relationship to the Malagasy genus Tsebona Capuron, a member of tribe Omphalocarpeae sensu Pennington (1991), which is polyphyletic and subsumed in Chrysophylloideae (Swenson & Anderberg, 2005) . However, from the morphological description (van Royen, 1959; Vink, 2002) and the generic framework here proposed, this species is clearly a member of Pichonia. The leaf venation is areolate, sepals are glabrous on the inside at the base but tomentose on the upper part, flowers have staminodes, anthers are inserted in the tube orifice, styles are simple without clear stigmatic areas, and the seeds have planoconvex cotyledons, an included radicle and lack endosperm. We therefore unite Wokoia with Pichonia, which has nomenclatural priority.
The remaining option to accommodate the species of Beccariella is the genus Pleioluma (Baehni, 1965).
Pleioluma, first described as a section of Sersalisia (Baillon, 1891) and later transferred to a section of Sideroxylon L. (Engler in Engler & Prantl, 1897) , was based on Sideroxylon crebrifolium (Baill.) Engl. and has never been used in any classification. In fact, Baehni (1965) simultaneously transferred this species to Pouteria (p. 59) and in the same publication (p. 150) accepted it at generic level as Pleioluma with uncertain relationship.
Regardless of this confusion (his publication appeared after he had deceased), we demonstrate that Sideroxylon (Beccariella) crebrifolium is deeply nested in the clade called Beccariella and we suggest, in accordance with Article 11.3 of the International Code of Botanical Nomenclature (McNeill & al., 2006) , that Pleioluma is used for this genus since it is the earliest legitimate name available. Indeed, it is an appropriate name since 'pleio-' is of Greek origin and means 'more', whereas 'luma' (of unclear origin) means 'cavity', and could likely refer to the areolate leaf venation. Planchonella. -Planchonella is strongly supported as a monophyletic group. The genus can be characterized by non-areolate leaf venation, sepals that are generally tomentulose on the outer surface but glabrous inside, flowers with staminodes and stamens inserted just below the tube orifice, a style with stigmatic areas, and seeds that have foliaceous cotyledons, an exserted radicle and an endosperm. Exceptions to this character combination are few. Swenson & al. (2007b) accepted 60 species in Planchonella and another six taxa are here recovered within the genus. Based on the above diagnostic character combination and available herbarium material, it is safe to transfer several species that have not been available for molecular analysis (see below). Hence, Planchonella contains approximately 110 known species, of which some are still to be described, especially from New Caledonia.
Problems in
Planchonella baillonii with its tubular, rather than urn-shaped, flowers is again found as sister to the rest of the genus with strong to moderate support (PP 1; JK 88). We believe the species represents an old evolutionary lineage, the sole extant member confined to New Caledonia. Planchonella baillonii is also the type species of Iteiluma, a name rejected in favour of Planchonella (Swenson & Morat, 2008; Brummitt, 2011a) , but considering its phylogenetic position it is possible to recognize a monotypic genus. However, we reject this solution since P. baillonii possesses the entire set of characters diagnostic for Planchonella.
Chrysophyllum bakhuizenii was described from New Guinea by van Royen (in Vink, 1958) as a close relative of C. gordoniifolium S. Moore (now in Pycnandra) from New Caledonia, because of similar morphology and alleged lack of staminodes. However, examination of one bud of the original material reveals presence of staminodes and the remaining morphology falls within the concept of Planchonella. In addition our analyses clearly recover it within the genus.
Planchonella sandwicensis is distributed across all main islands of Hawaii forming the north-eastern outpost of the generic distribution in the Pacific. Triono & al. (2007) used two accessions that were recovered as sisters, and found sister to the entire subfamily Chrysophylloideae, casting doubt on whether this species is a member of Planchonella or even the subfamily. They further proposed that P. sandwicensis should be separated and recognized on generic level. Our analysis of three accessions from Kauai and Oahu found maximum support of monophyly and the species is retained inside Planchonella, with close affinity to taxa from Fiji, i.e. P. smithii (P. Royen) A.C. Sm. and P. umbonata (P. Royen) A.C. Sm. This result is consistent with earlier findings using nrDNA and morphology (Swenson & al., 2007a (Swenson & al., , 2007b . The only reasonable explanation for Triono & al.
(2007) reporting a relationship outside the subfamily is that they possibly sequenced material of Sideroxylon polynesicum (Hillebr.) Smedmark & Anderb., a species that is somewhat similar in leaf venation, but belongs to Sapotoideae, not Chrysophylloideae (Smedmark & al., 2006; Smedmark & Anderberg, 2007) .
Scattered over the Pacific islands is a polymorphic complex of Planchonella that has puzzled earlier botanists. Lam (1942) accepted two varieties of Planchonella costata (Endl.) Pierre, a classification that van Royen (1957) amended and extended to include another two varieties. Smith (1981) in his flora of Fiji accounted for nine species of Planchonella, in which he treated all former varieties as separate species (P. grayana, P. smithii, P. umbonata) and relegated P. costata to be restricted to New Zealand and Norfolk Island. The present sample includes six accessions from Fiji (P. membranacea H.J. Lam, P. smithii, P. umbonata, P. vitiensis Gillespie, P. "Munzinger 6490", and P. "Munzinger 6514"), as well as P. costata from New Zealand and seven accessions of P. grayana and P. tahitensis gathered from Futuna in the west to French Polynesia in the east (but not from Fiji). All of these taxa, except for P. grayana and P. tahitensis, are scattered throughout the Planchonella phylogeny and their closest relatives are usually from another area. Hence, Smith's (1981) species concept is easy to reconcile with the molecular phylogeny.
The two species Planchonella grayana and P. tahitensis have caused confusion as to whether one, two, or several taxa should be recognized (Grant & al., 1974; Smith, 1981; J.-F. Butaud, pers. comm.) . In Fiji, P. grayana occurs from the coast to about 400 m altitude and usually forms trees 6-14 m tall, but can be stunted to no more than one meter tall if growing on exposed sites (Smith, 1981) . In French Polynesia, P. tahitensis occurs as a small tree or up to 20 m tall, from sea level to 700 m altitude in Raiatea and Tahiti, on calcareous or various volcanic soils, often in mesic to wet forests (Butaud & al., 2011; Pouteau & al., 2012) . All seven accessions analysed here are recovered in a single, strongly supported clade, with some support for internal resolution, and all have a unique triple-T-insertion in the ITS sequence (positions 788-790). The clades, however, are incongruent with species or area (archipelago) of origin. No qualitative morphological characters differ between the suspected taxa. Both differ from all congeners in that the stamens are inserted near the base of the corolla tube (not below the tube orifice). The small greenish (Fig. 1J) or somewhat whitish flowers are bisexual or female, which possibly renders the species gynomonoecious, a sexual system found in Planchonella (Méndez & Munzinger, 2010) . Variable characters are restricted to the size of the foliage and the fruit. For example, leaves of the sample from Futuna are elliptic and large (16-25 x 7-10 cm) in comparison to narrowly elliptic and small (7-11 x 2-3 cm) in the closely related sample from Tahiti (P. grayana var. florencei Fosberg). Hence, we are confident that this is one variable, widely distributed species, adapted to different soils, humidity and altitudes, but we do not exclude the possibility that a subspecies concept could be applicable. In any event, the correct name to be used is P. tahitensis.
Planchonella linggensis is a widely distributed species in Malesia and many islands in the Pacific. It grows in fairly different habitats, such as low altitudinal forests on calcareous soil in Alofi (Wallis and Futuna) and moist rainforests at about 800 m altitude on ultramafic substrate in New Guinea. Previous phylogenetic analyses have rendered this species paraphyletic, possibly conspecific with P. chartacea, and it has been suggested to form a complex of similar species with unclear species limits (Swenson & al., 2007a (Swenson & al., , 2007b . Here, we included three accessions of P. linggensis, one each from Futuna, New Guinea and Vanuatu. All accessions group together with maximum support but are intermingled with P. chartacea and P. solida (Fig. 2, Clade D2) . A cursory inspection of the accessions used reveals morphological similarities but also differences, such as presence or absence of indument on different organs. A molecular study of a wider sample from different areas, soil types and altitudes, together with a close examination of the morphology, ought to reveal species limits within this clade.
Unplaced taxa. -Our present findings make significant progress towards an understanding of the natural groups within subfamily Chrysophylloideae in Oceania and Southeast Asia, but there are several unplaced taxa that are still unavailable for molecular analysis and are of special interest. We acknowledge that some of these problems may remain unresolved because the plants are known from few old collections, often treated with poison such as mercuric chloride. Because of large-scale deforestation, the relationships among these taxa may never be known. Here, we mention three examples.
Boerlagella spectabilis (Miq.) H.J. Lam, the generic type of the family Boerlagellaceae (Lam, 1925) , is still an enigmatic taxon. It was originally described from only one leaf and its vein characters, accompanied by a discussion of the axillary, 5-celled fruit with one seed that has an exserted radicle. This is fragmented information, but Dubard (1912) , as well as Pennington (1991) , associated the species with Planchonella (or Pouteria section Oligotheca). Despite the incomplete material, these characters are in full agreement with the character combination of Planchonella. Our careful inspection of the available leaf and fruit (type material) reveals the absence of areolate venation and an overall venation pattern that is similar to P. torricellensis, a species we predict it is closely related to.
One species from New Guinea, currently classified as Planchonella kaernbachiana (Engl.) H.J. Lam, has a character combination that is a mixture between Pichonia (sepals pubescent inside, stamens in the tube orifice and simple style) and Planchonella (non-areolate venation, foliaceous cotyledons and an endosperm). It is unclear if this taxon is simply another example of the homoplasy typical in Sapotaceae, a taxon of mixed collections, or if it represents yet another evolutionary lineage in the area.
Pouteria celebica Erlee from Sulawesi (Celebes), collected in rainforest at 800 m altitude, is known only from incomplete type material (floral buds). The overall morphology is very similar to the frequently cultivated Neotropical P. multiflora (A.DC.) Eyma. However, the latter has four sepals (Pennington, 1990) rather than five as in P. celebica (Herrmann-Erlee & van Royen, 1957) . Future research will tell if this species represents an early introduction or an extreme case of parallel evolution.
Towards a natural classification. -The present analyses reconcile earlier findings (Bartish & al., 2005; Swenson & Anderberg, 2005; Swenson & al., 2007a) and strengthen the conclusion that there are nine lineages of Chrysophylloideae in Oceania and Southeast Asia (ten with Xantolis) that warrant formal recognition. Below, we provide a generic key using fertile and leaf material. In addition, each recognized genus is enumerated with its synonyms, diagnostic character combination, number of recognized species, distribution, and necessary combinations that render each genus monophyletic. Homotypic and heterotypic synonyms are cited for genera, but only the basionym and homotypic synonyms are cited for species in order to save space. Type citations follow the text on the label, or the original description if the type material has not been viewed (n.v.). For more complete nomenclature, see Govaerts & al. (2001) Undescribed species and those not transferred here appear in citation marks. 
